Contreras, Diego, Niklaus Dü rmü ller, and Mircea Steriade. GABA-synthesizing enzyme glutamic acid decarboxylase Absence of a prevalent laminar distribution of IPSPs in association ( GAD ) ( reviewed in DeFelipe and Fariñ as 1992 ) . Inhibicortical neurons of cat. J. Neurophysiol. 78: 2742Neurophysiol. 78: -2753Neurophysiol. 78: , 1997 tion is essential for the organization of receptive fields in The depth distribution of inhibitory postsynaptic potentials (IPSPs) the somatosensory ( Mountcastle 1957 ) and visual ( Hubel was studied in cat suprasylvian (association) cortex in vivo. Single and Wiesel 1959 ) cortices, and tonic background inhibiand dual simultaneous intracellular recordings from cortical neu-tion is essential in the nervous system because its suppresrons were performed in the anterior part of suprasylvian gyrus sion may readily lead to epilepsy. In vitro, cortically (area 5). Synaptic responses were obtained by stimulating the evoked inhibitory postsynaptic potentials ( IPSPs ) in cortisuprasylvian cortex, 2-3 mm anterior to the recording site, as cal cells have been shown to be due to the activation of well as the thalamic lateral posterior (LP) nucleus. Neurons were recorded from layers 2 to 6 and were classified as regular spiking GABA A and GABA B receptors ( Connors et al. 1988 ) , (RS, n Å 132), intrinsically bursting (IB, n Å 24), and fast spiking whereas, in vivo, the amplitude of GABA B responses is (FS, n Å 4). Most IB cells were located in deep layers (below 0.7 relatively much smaller ( Contreras et al. 1996 ) . One apmm, n Å 19), but we also found some IB cells more superficially proach to understand functional microcircuits in the cortex (between 0.2 and 0.5 mm, n Å 5). Deeply lying corticothalamic is to quantify inhibition and excitation in relation to differ eral rules for the distribution of these inputs. We have In response to thalamic stimulation, RS cells had IPSPs of 7.9 { 0.9 (SE) mV amplitude and 88.9 { 6.4 ms duration. In IB cells, explored the laminar distribution of inhibitory responses IPSPs elicited by thalamic stimulation had 7.4 { 1.3 mV amplitude in a nonprimary neocortical area of cat, the association and 84.7 { 14.3 ms duration. The differences between the two suprasylvian area 5, in which cortical and thalamic inputs (RS and IB) groups were not statistically significant. Compared are more distributed ( Avendañ o et al. 1985 ( Avendañ o et al. , 1988 ; Herkenwith thalamically elicited inhibitory responses, cortical stimulation ham 1980; Jones 1985 ) . Our study shows that the strength evoked IPSPs with higher amplitude (12.3 { 1.7 mV) and longer of inhibition associated to cortical or thalamic inputs does duration (117 { 17.3 ms) at all depths. Both cortically and thalami-not depend on the laminar position, nor the electrophysiocally evoked IPSPs were predominantly monophasic. Injections of logical type of neurons.
evoked inhibitory postsynaptic potentials ( IPSPs ) in cortisuprasylvian cortex, 2-3 mm anterior to the recording site, as cal cells have been shown to be due to the activation of well as the thalamic lateral posterior (LP) nucleus. Neurons were recorded from layers 2 to 6 and were classified as regular spiking GABA A and GABA B receptors ( Connors et al. 1988 ) , (RS, n Å 132) , intrinsically bursting (IB, n Å 24), and fast spiking whereas, in vivo, the amplitude of GABA B responses is (FS, n Å 4) . Most IB cells were located in deep layers (below 0.7 relatively much smaller ( Contreras et al. 1996 ) . One apmm, n Å 19), but we also found some IB cells more superficially proach to understand functional microcircuits in the cortex (between 0.2 and 0.5 mm, n Å 5). Deeply lying corticothalamic is to quantify inhibition and excitation in relation to differneurons were identified by their antidromic invasion on thalamic ent cortical layers. eral rules for the distribution of these inputs. We have In response to thalamic stimulation, RS cells had IPSPs of 7.9 { 0.9 (SE) mV amplitude and 88.9 { 6.4 ms duration. In IB cells, explored the laminar distribution of inhibitory responses IPSPs elicited by thalamic stimulation had 7.4 { 1.3 mV amplitude in a nonprimary neocortical area of cat, the association and 84.7 { 14.3 ms duration. The differences between the two suprasylvian area 5, in which cortical and thalamic inputs (RS and IB) groups were not statistically significant. Compared are more distributed ( Avendañ o et al. 1985 ( Avendañ o et al. , 1988 ; Herkenwith thalamically elicited inhibitory responses, cortical stimulation ham 1980; Jones 1985 ) . Our study shows that the strength evoked IPSPs with higher amplitude (12.3 { 1.7 mV) and longer of inhibition associated to cortical or thalamic inputs does duration (117 { 17.3 ms) at all depths. Both cortically and thalami-not depend on the laminar position, nor the electrophysiocally evoked IPSPs were predominantly monophasic. Injections of logical type of neurons.
Cl 0 fully reversed thalamically as well as cortically evoked IPSPs and revealed additional late synaptic components in response to cortical stimulation. These data show that the amount of feed for-M E T H O D S ward and feedback inhibition to cat's cortical association cells Experiments were carried out on adult cats (2.5-3.5 kg) of is not orderly distributed to distinct layers. Thus local cortical either sex, anesthetized with pentobarbital sodium (35 mg/kg). microcircuitry goes beyond the simplified structure determined by All wounds and pressure points were infiltrated with lidocaine. cortical layers.
Animals were paralyzed with gallamine triethiodide and artificially ventilated. End-tidal CO 2 (3.5-3.7%) and heart rate were continuously monitored. Body temperature was maintained at 37-39ЊC.
The depth of the anesthesia was maintained by additional doses of Studies of the actions induced by the major excitatory the same anesthetic, to keep a constant picture of high-amplitude and inhibitory neurotransmitters in the cortex, namely glu-low-frequency waves in the electroencephalogram (EEG).
For intracellular recordings, the surface of the suprasylvian gyrus tamate and g-aminobutyric acid ( GABA ) ( Connors 1992;  was exposed and bathed in mineral oil to prevent desiccation. The McCormick et al. 1993; Nicoll et al. 1990 ) , mainly fostability of the recordings was ensured by bilateral pneumothorax, cused on the basic mechanisms involved in receptor actidrainage of the cisterna magna, hip suspension, and filling the holes vation and postsynaptic actions at the single-cell level. To made for recording with a solution of 4% agar. Glass micropipettes understand the functioning of cortical microcircuitry, it were inserted perpendicularly in the cortex. The pipettes were filled is essential to determine the amount of excitatory and with a solution of potassium acetate (KAc, 3 M), or potassium inhibitory inputs from specific thalamic and cortical pro-chloride (KCl, 3 or 1.5 M), and had DC resistances on the order jections. Excitatory inputs to cortical cells originate from of 35-45 MV. The depth of the pipettes was read on the display a number of cortical and subcortical regions, while inhibi-of the micromanipulator. A high-impedance amplifier (band-pass tory inputs mainly arise in local smooth stellate cells that of 0-5 kHz) with active bridge circuitry was used to record and inject current into the cells. The signals were recorded on an eightmake symmetrical synaptic contacts, positive for the FIG . 1. Physiological identification of cortical cells and measurements of inhibitory postsynaptic potential (IPSP). A: cell responding antidromically to either cortical or thalamic stimuli. In this and all following figures, cortical stimuli are abbreviated Cx and marked by a triangle, whereas thalamic lateral posterior (LP) stimuli are abbreviated Th and marked by a filled circle. Left panel: Cx stimuli at depolarized V m (055 mV, under /1 nA DC) and hyperpolarized V m (095 mV, under 00.7 nA DC). Antidromic spike was followed by an excitatory postsynaptic potential (EPSP) and by an IPSP under depolarizing current. Hyperpolarization completely reversed the IPSP and blocked antidromic invasion. Right panel: responses to Th stimuli at the 2 V m levels. The Cxand Th-evoked antidromic and orthodromic spikes are expanded in insets. Two superimposed traces in each case. Below, the scheme shows the experimental paradigm used throughout the experiments. Also in the scheme are indicated the marginal gyrus (marg), the cruciate sulcus (s.cru), and the ectosylvian gyrus (ecto). Anterior is to the left, posterior is to the right. The 2 micropipettes were 2-5 mm apart in the anteroposterior axis of anterior suprasylvian gyrus (area 5), bipolar stimulating electrodes were placed 2-3 mm in front of the most anterior cell as well as in the thalamic LP nucleus. B: a different cell responded with an IPSP to thalamic stimulation. IPSP duration was measured at its half amplitude (thick horizontal line) and IPSP amplitude was measured at its peak (vertical dotted line) and from rest V m (horizontal dotted line). See other details in text.
channel tape with band-pass of 0-9 kHz and posteriorly digitized (Connors et al. 1982; McCormick et al. 1985) and in vivo at 20 kHz for off-line computer analysis. The EEG was recorded (Nuñez et al. 1993) . The recordings that were used for the focally, from the vicinity of intracellularly recorded neurons, by database and analysis had stable membrane potentials (V m ), means of coaxial electrodes with exposed areas of 0.2 mm sepa-more negative than 055 mV (but Fig. 3A ), for at least 15 rated by 0.6 mm. For monopolar EEG recordings, the indifferent min, and overshooting action potentials. Cells were located electrode was placed in the neck muscles.
in layers 2 to 6 as estimated by reading the microdrive posiStimulating coaxial electrodes were stereotaxically inserted in tion display and using the cytoarchitectonic study of Hassler the thalamic lateroposterior (LP) nucleus and, under visual control, and Muhs-Clement (1964) . This estimation of neuronal 2-3 mm anteriorly to the recording pipette in the suprasylvian depth had an error of õ15%, compared with the location of cortical area 5 (Fig. 1) . Stimulating electrodes were coaxial, with intracellularly stained neurons in areas 5 and 7 (Contreras the ring at the surface and the tip at a depth of 0.8-1 mm, and they had the same characteristics as the recording ones (see above). and Steriade 1995; Steriade et al. 1993a) . In a representative Stimuli were applied with intensities ranging from 0.05 to 0.2 mA sample of 33 cells (including RS and IB cells), the resting and a duration of 0.1 ms.
membrane potential was 070 { 1.6 mV, the amplitude of At the end of the experiments the animals were given a lethal action potentials was 78 { 1.4 mV, and the input resistance doses of pentobarbital. was 25.5 { 4.1 MV (estimated by applying square hyperpolarizing current pulses at the resting V m ).
R E S U L T S Cells responded to thalamic and cortical stimulation with a combination of excitatory postsynaptic potential (EPSP) Database and cellular identification and IPSP, reflecting the activation of mono-and polysynResults are based on 160 cortical cells from the cortical aptic circuits. Some neurons were activated antidromically suprasylvian area 5. Cells were classified as regular spiking from the thalamus (n Å 31) or from the cortex (n Å 18). (RS, n Å 132), intrinsically bursting (IB, n Å 24), or fast Among them, we found cells that were backfired from both spiking (FS, n Å 4) according to their responses to depolariz-the cortex and the thalamus (n Å 10), as shown in Fig. 1A depicting a neuron located at a depth of 1.1 mm. Cortical ing current pulses, following criteria established in vitro An example of the distribution of amplitude and duration R in drop at peak, MV 80% (4.9 { 3.1) 60% (11.5 { 7.7)
of Th-evoked IPSPs is shown in Fig. 2 . Different symbols Not only did cells at similar depths show different IPSP characteristics, but also cells located far apart in the vertical axis of cortex had similar features of IPSPs. This was a volleys were delivered at 2-3 mm in front of the recorded constant finding and is illustrated by the example of Fig. 3 . cell. When applied at a depolarized V m (055 mV, /1 nA Two RS cells were recorded along the same track, one at a DC), cortical stimuli elicited an antidromic spike (0.3-ms depth of 0.3 mm (Fig. 3A) , the other at 1.3 mm (Fig. 3B ). latency) followed by an EPSP (1.2-ms latency) that was Both the superficial and the deep cell displayed IPSPs in suprathreshold for firing an action potential (Fig. 1A , Cx, response to thalamic LP stimulation, with latencies of 5 and stimulus marked by a triangle). The EPSP was cut short by 8 ms, respectively, that were not preceded by a visible EPSP. an IPSP that had a peak amplitude (at 18 ms) of 17.5 mV The IPSPs from both cells had similar amplitudes (measured (measured from 060 mV) and a duration of 95 ms (at half amplitude). In the same neuron (Fig. 1A) , cortical stimulation failed to display antidromic invasion at a hyperpolarized V m (095 mV, 00.7 nA DC) that increased the amplitude of the EPSP and reversed the IPSP. The composite but constant nature of Cx-evoked PSPs was shown by the stereotyped shape of the superimposed traces in Fig. 1A at both V m s. However, some aspects of IPSP's shape may be ascribed to the polysynaptic nature of the activation and not necessarily to different GABAergic components. Thalamic stimulation (Fig. 1A , Th, stimulus marked by a filled circle) elicited in the same neuron a similar series of events, with antidromic invasion (0.3-ms latency) followed by orthodromic activation (1.7-ms latency). The Th-evoked IPSP had a peak amplitude of 13 mV (at 23 ms, measured from 060 mV) and a duration of 90 ms (at half amplitude). An example of an IPSP triggered by thalamic stimulation (Th, dot) is shown in Fig. 1B to illustrate how measurements were taken from the evoked IPSP: the dotted vertical line indicates the amplitude at the peak, selected by visual inspection, whereas the duration of the IPSP was taken at half amplitude (thick horizontal line). The IPSP depicted in Fig. 1B had a latency of 3.3 ms, the peak was at 16.6 ms, the duration was 67 ms, and it was not preceded by an EPSP. Maximum inhibitory responses were obtained by increasing the intensity of stimulation until reaching a value beyond which increasing intensity did not elicit a further increase in the amplitude of the We found no statistically significant difference between legend indicates the cat number (3, 11, etc.) for each. The most superficial cell was recorded at Ç200 mm and the deepest at Ç1,550 mm. Plots show the peak time (P ú 0.61), amplitude (P ú 0.55), and durathe lack of a preferential distribution of IPSPs' amplitudes (top plot) or tion (P ú 0.57) of IPSPs elicited in RS and IB cells (Mannduration (bottom plot) in relation to the depth in the association cortical Whitney U test). Therefore the values obtained for the corti-area 5. Absence of IPSPs around 1.1 mm is only apparent as IPSPs at that cally and thalamically elicited IPSPs in these two cellular depth were found in several cats but not in those experiments selected for this figure.
classes are pooled and shown in Table 1 at 065 mV) and durations (66 ms in the superficial cell, were obtained from 10 ms before the stimulus (/), at the peak of IPSP (᭺), and 100 ms after the stimulus (q). At and 64 ms in the deeply lying cell). The degree of involvement of GABA A -activated conductances was inferred indi-rest, the superficial cell (Fig. 3 A) had a R in of 21 MV, which decreased to 5 MV (72% drop) during the peak of the IPSP, rectly by the decrease in input resistance ( R in ) during the peak of the IPSP, as compared with the R in preceding the and recovered to 20.5 MV at 100 ms. In the deep cell (Fig.  3B) , the R in at rest was 26 MV, at the peak of the IPSP it stimulation. The R in was estimated from the slope of the regression line fitted to the voltage-current (V -I) plots (Fig. decreased to 9 MV (65% drop), and was 20.5 MV at 100 ms. By displacing the V m with DC, the peak of the IPSP 3, left plots in A and B) . Voltage values for the V -I plots reversed at 066 mV in the superficial cell (Fig. 3A, right cell in Fig. 4A was located at a depth of 0.2 mm and discharged typical spike bursts during spontaneous spindle osplot, ᭺), and it reversed at 081 mV in the deep cell (Fig.  3B, right plot, ᭺) . The late phase of the IPSP (at 100 ms, cillations (Fig. 4A2) , similarly to the spindle-related bursts in deeply lying (1-1.5 mm) IB cells of area 5 (see Fig. 7 q) reversed at 073 mV in the superficial cell and at 087 mV in the deep cell.
in Steriade et al. 1993b) . Thalamic stimulation (Fig. 4A1 ) triggered an EPSP, with a latency of 3 ms, giving rise to an Intrinsically bursting cells orthodromic spike that was followed by an IPSP with an In several descents through area 5, IB cells were mostly amplitude of 6 mV (at a V m of 060 mV) and a duration of encountered deeper than 0.7 mm (n Å 19), but a smaller 68 ms at half amplitude. Interestingly, spontaneous activity number of IB cells (n Å 5) was located between 0.2 and related to spindling generated strong bursting (Fig. 4A2) , 0.5 mm depth. The responses to thalamic stimulation of two whereas thalamic electrical stimulation gave rise to single superficial IB cells are illustrated in Fig. 4 . The superficial spikes followed by inhibition. This difference is possibly due to the fact that, in contrast to spontaneous spindle-related inputs, electrical stimuli to the thalamus readily recruit local cortical inhibition by backfiring corticothalamic axons. That cortical stimulation entrains stronger inhibition than thalamic stimulation is shown by IPSPs with higher amplitudes and longer durations triggered by cortical volleys (see Table 1 ).
The other superficial IB cell fired spike bursts in response to depolarizing current pulses of increasing amplitude (Fig.  4B2 ). This cell was located at a depth of 0.25 mm and responded to thalamic stimulation with an EPSP at a latency of 4 ms, which was cut short by an IPSP of 8-mV amplitude (at 060 mV) and lasting for 70 ms. The postinhibitory burst in Fig. 4B may well originate from a low-threshold Ca 2/ spike (LTS) but, at least in guinea pig frontal cortex, such LTSs were only found in deep layers and were absent from superficial layers (de la Peña and Geijo-Barrientos 1996). In addition to intrinsic factors, such as LTSs, synchronous excitatory inputs at the return of evoked hyperpolarizations may be taken in consideration, as was previously shown for the spontaneously occurring long-lasting hyperpolarizations of the slow oscillation (Contreras and Steriade 1995; Steriade et al. 1993a) .
Dual impalements
To directly compare the amplitude of the inhibitory input to different cells, triggered by the same stimuli, we recorded pairs of cortical cells simultaneously and studied their responses to thalamic and cortical stimulation. In the example of Fig. 5 , two cells were recorded simultaneously at a similar depth, Ç1.1 mm. Cell 1 was 2 mm anterior to cell 2 and therefore closer to the cortical stimulating electrode (see scheme in Fig. 1 ). Both cells responded to cortical and thalamic stimulation under different backgrounds of current injection, as indicated by the pulse protocols in Fig. 5 . And both were corticothalamic cells because they were antidromically invaded from the LP nucleus with latencies of 0.6 ms for cell 1 and 0.5 ms for cell 2 (see insets at bottom). Antidromic invasion after thalamic stimulation was followed by an EPSP at 2.5 ms latency in cell 1, and 2.8 ms latency in cell 2 (Fig. 5, bottom potential, whereas smaller pulses elicited only passive re-Thalamic stimulation led to a drop in R in of cell 1 from 44.1 to 14 MV (68% drop) at the peak of the IPSP, and R in was sponses.
back to 37 MV at 150 ms. In cell 2, thalamic stimulation To characterize the hyperpolarizing responses to cortical brought R in from 22.8 down to 6 MV (71% drop) at the and thalamic stimulation shown in Fig. 5 and to compare peak, but the R in was still decreased (15 MV) at 200 ms. the relative drop of R in among the two cells, we constructed V -I plots (Fig. 6) . Values of resting V m were obtained from In summary, the results presented in Figs. 5 and 6 show that two cells recorded at the same depth, 2 mm apart in the 10-30 ms before stimulation (/), the peak of the IPSP was taken at Ç30 ms after the stimulation (᭺), and an additional anteroposterior axis of the suprasylvian cortex, had different amounts of inhibition associated with cortical or thalamic value was taken at 150-200 ms after stimulation (q). V m values were plotted against current, and R in was read from stimuli. Cell 2 was the target of more powerful inhibition to both stimuli than cell 1, as seen from the longer duration the slope of regression lines fitted to the data. In cell 1, R in of the IPSP and the percentage drop in R in during the peak decreased from 38 MV at rest to 11 MV (70% drop) at the of the IPSP. The R in decrease was higher in cell 2 than in peak of the cortically elicited IPSP, and recovered to 24 MV cell 1, both after cortical (90% compared with 70%) and at 200 ms after stimulation. The same cortical stimulus led thalamic (71% compared with 68%) stimulation. to a decrease in R in in cell 2, from 19 to 2 MV (90% drop) at 30 ms, but the R in was still only 12 MV at 200 ms.
Another thalamic (17 mV, 90 ms) stimulation. Reversal was similar after cortical (080 mV) and thalamic (078 mV) stimulation.
Effect of stimulation intensity
Varying the intensity of stimulation revealed further differences in the local inhibitory circuit activated by cortical or thalamic volleys. By increasing the stimulation strength, the inhibitory input increased in all investigated cells (n Å 12). Figure 8 depicts a pair of cells that were recorded simultaneously at depths of 1.2 mm (cell 1) and 1 mm (cell 2). Both cells had prominent and apparently similar IPSPs in response to cortical and thalamic stimulation. However, by changing the intensity of stimulation in a stepwise manner, some differences were revealed between the two cells (right column in Fig. 8 depicts expanded details) . At the lowest intensity, cortical stimulation triggered a clear-cut biphasic IPSP in cell 1 (10 mV, total duration of 50 ms) but only a brief arrest of firing, without an apparent IPSP, FIG . 6. Voltage-current V -I plots from simultaneously recorded cells in cell 2. Increasing the intensity of cortical stimulation redepicted in Fig. 5 . Values of V m were obtained from 10 to 30 ms before vealed more steps in IPSP amplitude for cell 2 than for cell stimulation (/), 30 ms after stimulation, coincident with the peak of the 1. In the case of thalamic stimulation, the smallest intensity IPSP (᭺), and 150-200 ms after stimulation ( q ). V m values were plotted did not evoke an IPSP but reduced firing frequency in both against DC current, and R in was read from the slope of regression lines fitted to the data. cells; thereafter, four steps of increased intensity revealed four different degrees of inhibition in cell 1, but a ceiling effect was observed in cell 2 after the second step. in deep cortical layers, but showing different amounts of inhibitory input, is illustrated in Fig. 7 . Cell 1 was at 1.2 mm from the surface, whereas cell 2 was located at a depth Effect of intracellular Cl 0 infusion of 1 mm. Cortical and thalamic stimulation were applied on a background of depolarizing and hyperpolarizing current
The IPSPs recorded after both types of stimulation had complex shapes due to the activation of mono-and polysyninjection. In cell 1, IPSPs were small and short lasting after cortical (4-mV amplitude and 26-ms duration) and thalamic aptic pathways. An attempt was made to dissociate the Cl 0 -dependent GABA A component from the K / -dependent (4.5-mV amplitude and 40-ms duration) stimulation. In response to the same stimuli, cell 2 showed IPSPs that were GABA B component (n Å 13), as described in vitro (Connors et al. 1988 ). considerably larger, both after cortical (20 mV, 120 ms) and FIG . 7. Two deeply lying cells recorded simultaneously are characterized by different amounts of inhibitory input. Cell 1 (left column) and cell 2 (right column) were at depths of 1.2 and 1 mm, respectively. Cell 1 showed a smaller amplitude and duration IPSP to both cortical and thalamic stimulation. Stimuli applied during 2 different current levels, as indicated. 
Intracellular injection of Cl
0 reversed the evoked IPSPs by a secondary and similarly strong depolarizing response that is normally hidden by the IPSP. Thalamic stimulation and revealed additional differences between cortical and thalamic stimulation. The cell depicted in Fig. 9 was located (Fig. 9 , bottom panel) gave rise to a single depolarizing event at a latency of 2.5 ms. Hyperpolarization blocked the at 1.2 mm depth and was recorded with a 3-M KCl-filled pipette. Cortical stimulation applied after several minutes of occurrence of the spike and increased the amplitude of the thalamically evoked depolarizing synaptic response. To sum impalement gave rise to an antidromic spike at 0.6-ms latency (see inset) followed by a strong depolarizing response up, cortical stimulation set into action polysynaptic chains, whereas thalamic stimulation seemed to activate more cirat 4-ms latency, which triggered burst firing with spike inactivation. Bursting was not intrinsic but due to synaptic input, cumscribed cortical zones.
The state of inhibitory responses was monitored by simulas indicated by the one-to-one correspondence between spikes and the individual components of the input, revealed taneously recording one cell with KCl-filled pipette and a reference cortical cell with a KAc-filled pipette (n Å 7). In by the hyperpolarizing pulse (detail in top panel). The initial response to cortical stimulation was followed, 80 ms later, the example shown in Fig. 10 , cell 1 was recorded at 1.3 J0429-7 / 9k20$$no51
10-29-97 18:29:59 neupa LP-Neurophys mm depth with KAc and responded to thalamic stimulation, applied during depolarizing current pulses, with a robust EPSP-IPSP sequence. The EPSP had a latency of 3.5 ms, and the IPSP had an amplitude of 13 mV and a duration of 130 ms (measured at 060 mV) and was reversed by hyperpolarizing pulses at 070 mV. R in was evaluated from the slope of V -I plots (not shown) and dropped from 18.5 MV at rest to 6 MV during the peak of the IPSP, and was 13 MV at 150 ms after the stimulus. Cell 2 was recorded simultaneously at a depth of 1.2 mm, with a KCl-filled pipette, and responded to the same thalamic stimuli, after several minutes of impalement, with an antidromic spike (0.5-ms latency, see detail in Fig. 10, bottom) followed by a high-amplitude and long-duration (70 ms) depolarizing potential (see detail in Fig. 10 , top) that triggered burst firing. Thalamic stimulation applied during hyperpolarizing pulses failed to invade antidromically the cell and triggered a depolarizing synaptic response of increased amplitude. Thalamically evoked IPSPs were progressively reversed by intracellular Cl 0 injections. This is shown for a cell located at a depth of 0.8 mm, recorded with a 1.5-M KClfilled pipette (Fig. 11) . The top and bottom panels in mediately after impalement and Ç15 min after impalement. Before the IPSP reversal by the leak of Cl 0 inside the cell, the IPSP had and amplitude of 4.2 mV (peak at 30 ms) and 130 ms in duration, measured from 060 mV. Its reversal was at 070 mV. The R in of the cell was 26 MV, dropped to 12 MV at the peak of the IPSP, and was 16 MV at 120 ms. After several minutes of recording, hyperpolarizing IPSPs were no longer evoked, and stimulation triggered a burst of action potentials. The burst was followed by a pause, whose duration depended on the amount of current being applied (40 ms in top panel, with a pulse of /0.5 nA, and 160 ms in the bottom panel, with a /0.2-nA pulse). Thereafter the firing resumed due to the application of depolarizing current. all layers showed robust inhibitory responses, not different cal (TC) cells during anesthesia. A depolarizing event trigfrom those recorded in RS cells.
gered on a background of membrane hyperpolarization leads to a LTS and a spike burst instead of a single spike; the LTS has a rising time of a few milliseconds, which delays Some methodological issues the firing of the TC cell after the stimulation (Deschênes et al. 1984; Jahnsen and Llinás 1984) . The rather short latency of thalamically evoked antidromic
We cannot rule out the possibility that collaterals of cortiresponses in cortical neurons reported in this study (0.3-cothalamic axons were activated when stimulating the thala-0.6 ms) may be surprising because layer VI cells have a mus. However, this is unlikely to cause a major contaminasmall size and, presumably, a slow conduction velocity. tion because antidromic pyramidal stimulation has been However, several data from the recent and older literature shown to be much less effective in evoking inhibition than explain that such short latencies are compatible with the local synaptic activation (Krnjević et al. 1966; Renaud et conduction velocities and morphological characteristics of al. 1974) . Besides, this was not a major concern, because corticothalamic axons. 1) Axons originating in cells of cat's the objective of the present study was not to differentiate suprasylvian area 5 (where our experiments have been conbetween corticocortical and thalamocortical pathways, but ducted) give rise to collaterals distributing to the striatum to determine whether there is a distinct laminar distribution as well as the LP thalamic nucleus; the latter are thick and of inhibitory inputs. Two differences were evident, however, end in clusters of large boutons within the LP nucleus (Paré between cortically and thalamically evoked IPSPs: 1) cortiand Smith 1996). It is plausible that the thick corticothacally elicited IPSPs were of higher amplitude, longer duralamic axons described in this study conduct at high velocities tion, and associated to larger increases in conductance than and explain the short latencies found in our paper. 2) Anthose evoked by thalamic stimulation; and 2) only thalamic other, nonexclusive possibility is that our stimulus spread to stimulation was capable of eliciting IPSPs in isolation. the centrum medianum (CM) nucleus that is located at no It is possible that synaptic potentials were contaminated more than 1-1.5 mm medial to LP (or the stimulus activated by afterhyperpolarizations when stimulation led to firing of cortico-CM passing axons). In a previous study, it was found action potentials. Although most of the inhibition evoked by that the cortical cells in areas 5 and 7, projecting to CM, cortical or thalamic stimulation reversed with Cl 0 injections have high conduction velocities, up to 33 m/s, much faster (see Figs. 10 and 11) , it is likely that intrinsic currents may than in other corticothalamic systems .
participate in shaping the synaptic responses. No attempt was The relatively long latency of orthodromic excitatory remade to dissociate the intrinsic components in the synaptic sponses after thalamic stimulation, ú1-1.5 ms in most instances, may be due to the hyperpolarization of thalamocorti-responses investigated here.
